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Abstract: This article focuses carbon nanotube as adsorbent material for toxic contaminants. 
Carbon nanotube is an emerging adsorbent materials for the removal of pollutants from 
wastewaters. Carbon nanotube-based nanocomposites have adsorption capability towards toxic 
contaminants including dyes. Adsorption of dyes on nanotube depends on various parameters 
such as dye concentration, contact time, temperature, pH, etc. Functionalization of nanotube has 
enhanced the dye adsorption efficiency owing to functional groups on the surface, relative to 
neat nanotubes. In addition, nanocomposites have been designed for enhanced dye removal 
efficiency of these materials. It is evident that carbon nanotube-based nanocomposite 
nanosorbents have fine potential for the removal of dyes from aqueous solution. These are cost 
effective and environmental friendly materials. New functional carbon nanotube-based 
nanosorbents must be designed for efficient commercial dye removal applications. 
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 1. Introduction   
Contaminated water is a serious environmental problem and threat to human being and aquatic life [1, 
2]. Most of the contaminations come from the coloring agents or dyes. Dyes have been extensively 
used in paper, textile, leather, gasoline, pharmaceutical, and food industries. In textile industry, the 
annual dye consumption is >10,000 tonnes/year. The wasted dyes are discharged into streams. The 
organic dyes have complex aromatic structure, which is stable to heat, oxidizing agents, 
photodegradation, and biodegradation [3]. Dyes are often based on hydrocarbons such as benzene, 
toluene, naphthalene, xylene etc. Therefore, dye toxicity is a major threat to aqueous bodies and living 
beings. Among nanocarbon structures, carbon nanotube has been most widely explored owing to 
unique cylindrical structure, small diameter, high surface area, and aspect ratio. Owing to exceptional 
physical and chemical properties, carbon nanotube has been intensively used as potential material for 
variety of applications [4-10]. Carbon-based adsorbents have been used for commercial environmental 
pollution management applications [11-20]. Other carbon nanofillers such as nanodiamond, fullerene, 
graphene, etc. can also be used for dye removal [21-30]. In this paper, potential of carbon nanotube and 
nanocomposites have been explored as adsorbents for the removal of dyes. The adsorption efficiency 
depends on dyes characteristics, contact time, dye concentration, temperature, pH, etc. In future, 
adsorption process of these nanocomposite can be enhanced using functional nanotubes and material 
design.  
2. Carbon nanotube 
Carbon nanotube (CNT) is a cylindrical macromolecule. The walls of nanotubes are graphitic in nature 
(Fig. 1). Carbon nanotube has hexagonal structure of carbon atoms. It is often known as elongated 
fullerene. Carbon nanotube was first reported by Iijima in 1991. Nanotubes are classified as armchair 
(n=m), chiral (n,m), or zigzag (m=0). Carbon nanotube consists of concentric arrays of cylinders [31, 
32]. Carbon nanotube has superior electrical, mechanical, and thermal properties. CNT is used as an 
ideal nanofiller material for composites [3, 4]. Tensile strength of nanotube lies between 50-100 GPa, 
while Young modulus ranges between 50-1000 GPa. It has high thermal conductivity of 200 W/Mk and 
electrical conductivity >10
4 
S/cm [33, 34]. The nanotube has capability to form conducting network. In 
polymers, nanotubes led to conducting and transparent composites. 
 
 
Fig. 1  Nanofillers. 
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 3. CNT active sites           
Carbon nanotube (CNT) is a nanocarbon having large specific surface area. It has length in the range of 
few nm to 10’s mm. Its diameter may be up to 100 nm. CNT has high porosity, hollow structure and 
stacking efficiency [6, 7, 35, 36]. Pristine nanotube has sidewall curvatures and conjugated and highly 
hydrophobic surface. One graphitic shell in nanotube leads to single-walled carbon nanotube 
(SWCNT). On the other hand, multiple concentric graphitic shells lead to multi-walled carbon 
nanotube (MWCNT). Defects and active sites on SWCNT and MWCNT play important role in the 
adsorption of dyes. Owing to unique properties, adsorption on CNT has been found superior compared 
with the other carbon structures such as graphite and activated carbon. The hexagonal arrays of carbon 
atoms on surface have strong tendency to interact with the molecules through π-π and hydrophobic 
interactions, making CNT promising adsorbent materials [3]. In carbon nanotubes, there are various 
possible adsorption sites available. Carbon nanotube has several binding sites for foreign components. 
External defects and sites on surface are extensively available for adsorption. For open end nanotubes, 
inner sites on hollow structure are available for adsorption. In nanotube bundles, interior space of 
bundles between adjacent CNT are accessible for adsorbate species.  
4. Dye adsorption on CNT       
The carbon nanofillers such as carbon nanotube, graphene, activated carbon, etc. have been modified 
and used as adsorbents for the removal of methylene blue dye, congo red, reactive green, yellow dye 
from aqueous solution [3, 37-41]. Most preferably, batch process is used. Fig. 2 shows adsorption of 
methyl orange on the functionalized nanotube. The adsorption seems to depend on temperature, pH, 
dye concentration, contact time, etc. The nanotube with functional groups may form electrostatic 
interactions with anionic dyes. The nanotube may reveal adsorption capacities up to 50 mg/g in the pH 
range 4 to 10.  
 
 
 
Fig. 2  Red azo dye adsorption on nanotube.  
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It was also observed that the chemical treatment of CNT resulted in higher dye removal efficiency 
compared with the pristine CNT. The adsorption of dyes generally depends on parameters such as 
nature of adsorbent and adsorbate, size of adsorbent and adsorbate, pH, temperature and solution 
conditions. Moreover, interactions between nanotube and dyes depend on π-π interaction, hydrogen 
bonding, covalent bonding, and electrostatic interactions [31, 42]. The π-system of carbon nanotube 
and dye molecules may interact through C=C or benzene rings of nanotube. Fig. 3 shows dye 
interaction with CNT. The functional groups on CNT such as –COOH or –OH may form hydrogen 
bonding between dye molecules and nanotube. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Interaction between nanotube and methylene blue. 
 
5. Dye adsorption on polymeric nanocomposite                   
  Several natural and synthetic polymers have been used as adsorbents for the removal of dyes owing to 
functional groups, biocompatibility, and biodegradability [43-45]. Incorporation of nanoparticles in 
polymers may lead to enhanced strength, biodegradation, and dye adsorption. The nanocomposite had 
high maximum adsorption capacity of up to 1000 mg/g. Incorporation of CNT resulted in enhanced 
adsorption properties of the polymer nanocomposite. These nanocomposites have been developed in 
film or bead form for dye removal from effluent wastewater containing direct blue, red and yellow dye 
(Fig. 4). The polymer/CNT nanocomposites are cost-effective adsorbents for the treatment of industrial 
effluents. 
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Fig. 4  Removal of dye molecules from aqueous solution using nanocomposite. 
6. Conclusion     
Polymer/carbon nanotube nanocomposite own great potential for the removal of dyes from aqueous 
solution. In this regard, both the functional and non-functional carbon nanotubes have been used. 
Functional nanotube-based materials had high adsorption capacity for dyes. Polymer/carbon nanotube 
nanocomposite may interact through π-π interaction, hydrogen bonding, or electrostatic interactions for 
the adsorption of dyes on carbon nanotube. The adsorption capacity also depends on the surface area of 
these nanocomposites. The adsorption efficiency of these nanocomposites has been observed for 
various organic dyes. Future of these materials lies in the new nanotube functionalities and design 
development.  
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